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Abstract 
The purpose of this project is to research communication techniques utilized by 
emergency medical services, identify areas for improvement, and implement creative solutions 
with the goal of improving response time, reducing emergency vehicle collisions, and ultimately 
saving lives. To focus on these goals, our group is concentrating on improving communication 
on the road between emergency vehicles and civilian drivers. 
The first step is to identify the problem. We analyze emergency vehicle collisions that 
have occurred in the past 18 months by determining what caused the accidents, trends common 
to these accidents, and factors that could help drivers make decisions to avoid similar scenarios 
in the future. Next, we identify past and present communication methods. These include 
emergency protocols established by the state of Massachusetts, tools used by ambulance 
companies such as UMass Emergency Medical Services, and patents filed for new ideas that 
may not currently be available. Third, we compile this information to devise a more effective 
means of communication. At this time, we determine two possible concepts that we will test. 
The first concept is a wireless transceiver system that uses radios to alert drivers of 
approaching emergency vehicles. A proof of concept using two software defined radios and 
MATLAB is used to demonstrate the idea and its potential. The second concept regards the way 
existing sirens are operated. Based on our research, our group hypothesizes that different types 
of sirens are more effective on different types of roads. To test this, we record the time en route 
when responding to several calls when using both mechanical and electronic sirens. Despite our 
lack of a budget and short time frame to conduct our tests, we are able to collect data from both 
experiments, particularly thanks to the help of the Worcester Fire Department. 
After months of research, planning, and testing, we have a functioning proof of concept 
that demonstrates a wireless alert system and data that helps support our hypothesis. Our 
results show that using mechanical sirens on urban roads can increase the average vehicle 
speed and thus improve response time. 
  
ii 
 
Table of Contents 
Abstract .......................................................................................................................................... i 
Table of Contents .......................................................................................................................... ii 
List of Figures ............................................................................................................................... v 
Acknowledgements ..................................................................................................................... vii 
Chapter 1: EMS Communications ................................................................................................. 1 
Chapter 2: Background, Problem Justification, and Existing Solutions ........................................ 3 
2.1 Massachusetts EMS Protocols ............................................................................................... 3 
2.1.1 Overview .......................................................................................................................... 3 
2.1.2 Communication Equipment .............................................................................................. 5 
2.1.3 CMED ............................................................................................................................... 5 
2.1.4 Policies ............................................................................................................................. 7 
2.2 Potential System Problems ..................................................................................................... 8 
2.2.1 Navigating Traffic ............................................................................................................. 9 
2.2.2 Locating Patient ................................................................................................................ 9 
2.3 Identifying the Problem ........................................................................................................... 9 
2.3.1 UMASS Memorial EMT Interview ..................................................................................... 9 
2.3.2 McAllen, Texas Fire Department Interview .................................................................... 10 
2.3.3 Police Interview .............................................................................................................. 11 
2.3.4 The Most Serious Problems ........................................................................................... 12 
2.3.5 Communicating with Drivers ........................................................................................... 12 
2.4 Justification ........................................................................................................................... 13 
2.4.1 Justification 1 .................................................................................................................. 13 
2.4.2 Justification 2 .................................................................................................................. 15 
2.4.3 Justification 3 .................................................................................................................. 16 
2.4.4 Justification 4 .................................................................................................................. 17 
2.4.5 Justification 5 .................................................................................................................. 18 
2.4.6 Justification 6 .................................................................................................................. 19 
2.4.7 Justification 7 .................................................................................................................. 20 
2.4.8 Justification 8 .................................................................................................................. 21 
2.5 Implemented Solutions ......................................................................................................... 23 
2.5.1 Traffic Preemption Devices ............................................................................................ 24 
2.5.1.1 Types ....................................................................................................................... 24 
iii 
 
2.5.1.2 Benefits .................................................................................................................... 25 
2.5.1.3 Case Study .............................................................................................................. 26 
2.5.1.4 Conclusions ............................................................................................................. 28 
2.5.2 Lights .............................................................................................................................. 28 
2.5.3 Sirens ............................................................................................................................. 32 
2.5.4 Passive Communication ................................................................................................. 34 
2.6 Possible Solutions Not Currently Implemented ..................................................................... 39 
2.6.1 Patents ........................................................................................................................... 39 
Emergency Vehicle Traffic Controller .................................................................................. 40 
Emergency Vehicle Alert System ........................................................................................ 40 
Emergency Vehicle Alert System ........................................................................................ 40 
Emergency Vehicle Warning System .................................................................................. 42 
Emergency vehicle proximity warning and communication system ..................................... 44 
Emergency Vehicle Alert Apparatus .................................................................................... 46 
Emergency Vehicle Alert System ........................................................................................ 47 
Emergency Vehicle Alert System ........................................................................................ 49 
Emergency Vehicle Detection System ................................................................................. 51 
2.6.2 SASERs ......................................................................................................................... 52 
2.6.3 OnStar and Related Systems ......................................................................................... 55 
2.6.4 Radio Broadcast Overlay ............................................................................................... 55 
Chapter 3: Testing our Solutions ................................................................................................ 57 
3.1 Introduction ........................................................................................................................... 57 
3.1.1 Wireless Transmissions ................................................................................................. 57 
3.1.2 Passive Communications ............................................................................................... 58 
3.1.3 Active Communications .................................................................................................. 58 
3.2 Wireless Transmissions ........................................................................................................ 58 
3.2.1 Signals Processing: an Overview ................................................................................... 58 
3.2.1.1 Analog and Digital .................................................................................................... 59 
3.2.1.2 Sampling Rates ....................................................................................................... 59 
3.2.1.3 Time and Frequency Domains ................................................................................. 61 
3.2.1.4 Modulation ............................................................................................................... 63 
3.2.2 Simulation using MATLAB and Simulink ........................................................................ 63 
3.2.2.1 Transmitter ............................................................................................................... 63 
iv 
 
3.2.2.2 Receiver ................................................................................................................... 63 
3.2.3 USRP2 Implementation and Testing .............................................................................. 68 
3.2.4 Conclusions .................................................................................................................... 70 
3.3 Active Communications: Sirens ............................................................................................ 70 
3.3.1 Background .................................................................................................................... 71 
3.3.2 Empirical Testing ............................................................................................................ 74 
Chapter 4: Concluding Remarks ................................................................................................. 81 
References .................................................................................................................................. 84 
Appendix ..................................................................................................................................... 86 
 
  
v 
 
List of Figures 
Figure 1: 911 Call Protocol Flow Diagram .................................................................................... 4 
Figure 2: Massachusetts EMS Regions ........................................................................................ 6 
Figure 3: Intersection of U.S. 441 and County Rd. 326 .............................................................. 13 
Figure 4: Enlarged satellite image of the intersection ................................................................. 14 
Figure 5: Extent of the damage to the ambulance ...................................................................... 15 
Figure 6: Monte Carlo wreck ....................................................................................................... 17 
Figure 7: Site of ambulance crash .............................................................................................. 18 
Figure 8: Damage to side of ambulance from impact ................................................................. 19 
Figure 9: The red arrow indicates the ambulance and the blue arrow indicates the civilian 
vehicle ......................................................................................................................................... 20 
Figure 10: Austin, TX collision .................................................................................................... 22 
Figure 11: Traffic preemption diagram ........................................................................................ 23 
Figure 12: Old style light bars with large, bulbous covers for the lights in various combinations 29 
Figure 13: A common LED light bar with three different colors.  Note the overall size versus old 
style light bars ............................................................................................................................. 30 
Figure 14: A police car with concealed LED lights ...................................................................... 30 
Figure 15: Light colors used by emergency vehicles in the United States .................................. 32 
Figure 16: This illustration shows the square waves and directional propagation produced by 
mechanical sirens ....................................................................................................................... 33 
Figure 17: This illustration shows the sine waves and omnidirectional propagation produced by 
electronic sirens .......................................................................................................................... 33 
Figure 18: (18 A)—A government owned and operated ambulance with the regulation markings 
and colors. (18 B)—A privately owned and operated ambulance with its own exterior design and 
light configuration ........................................................................................................................ 35 
Figure 19: A classic ambulance color scheme with backwards writing ....................................... 36 
Figure 20: The effectiveness of retro-reflective tape.  Note the use of text, symbols, colors, and 
patterns to clearly profile the car ................................................................................................. 37 
Figure 21: (21 A)— A fire truck utilizing a chartreuse color scheme instead of the traditional red.  
(21 B)— An ambulance utilizing chartreuse instead of the traditional red-orange colored stripes
 .................................................................................................................................................... 38 
Figure 22: An American paramedic’s car utilizing the Battenberg and chevron patterns............ 39 
Figure 23: Proposed design for a dashboard receiver, Patent No. 6252521 .............................. 42 
Figure 24: Emergency Vehicle Warning System flowchart, Patent No. 7061402 ....................... 43 
Figure 25: Emergency Vehicle Warning System dashboard module, Patent No. 7061402 ........ 44 
vi 
 
Figure 26: Flow diagram for a Citizen Band radio alert system, Patent No. 5825304 ................ 45 
Figure 27: Transmitter and receiver modules for Patent No. 5808560 ....................................... 47 
Figure 28: Dashboard display module ........................................................................................ 49 
Figure 29: The transmitting unit installed on the ambulance ...................................................... 50 
Figure 30: The receiving unit installed on the commuter vehicle ................................................ 51 
Figure 31: (a) Medium Range Acoustic Device produced by American Technology Corporation. 
(b) Long Range Acoustic Device produced by American Technology Corporation .................... 53 
Figure 32: The LRAD-X 100X, the smallest saser produced by LRAD-X ................................... 54 
Figure 33: Frequency spectrum .................................................................................................. 60 
Figure 34: Signal sampled at less than 2B which results in aliasing ........................................... 60 
Figure 35: Sinusoid with period of 1 ............................................................................................ 61 
Figure 36: Frequency Domain .................................................................................................... 62 
Figure 37: Average magnitude and standard deviations for a transmitted sinusoid ................... 64 
Figure 38: Simulink receiver model ............................................................................................. 65 
Figure 39: Threshold Block ......................................................................................................... 67 
Figure 40: Scenario 1- Emergency vehicle not in the vicinity ..................................................... 69 
Figure 41: Scenario 2- Emergency vehicle in the vicinity ........................................................... 70 
Figure 42: Federal Siren ............................................................................................................. 71 
Figure 43: Worcester Ladder 1 with electronic siren, Horns, and mechanical Federal siren ...... 72 
Figure 44: Engine 12 from Worcester Franklin Street fire station ............................................... 73 
Figure 45: Ladder 1 from Worcester Franklin Street fire station ................................................. 73 
Figure 46: Rescue 1 from Worcester Franklin Street fire station ................................................ 74 
Figure 47: Siren Type Average Speed ........................................................................................ 75 
Figure 48: Data Analysis for <0.2 Miles ...................................................................................... 76 
Figure 49: Data Analysis for >0.2 Miles ...................................................................................... 76 
Figure 50: Data Analysis for Residential Roads ......................................................................... 77 
Figure 51: Data Analysis for 2 Lane Roads ................................................................................ 77 
Figure 52: Data Analysis for 4 Lane Roads ................................................................................ 77 
Figure 53: Non-weighted Averages ............................................................................................ 78 
Figure 54: Weighted Averages ................................................................................................... 78 
Figure 55: Non-weighted Data Comparison ................................................................................ 78 
Figure 56: Weighted Data Comparison ....................................................................................... 79 
 
vii 
 
Acknowledgements 
Our IQP group would like to extend a special thanks to UMass Memorial Emergency 
Medical Services for helping us with our initial research and providing guidance for our project. 
After explaining the need for improved communications on the road, we had a clear direction to 
focus our project. After months of research, we hypothesized that mechanical sirens might be 
more effective than electronic sirens. Thanks to the Worcester Fire Department and the fire 
fighters at Engine 4, Engine 6, Engine 12, Ladder 1, and Ladder 7, we were able to test our 
research and gather valuable data that will hopefully form the framework for future experiments. 
This project would have not been possible without their time, valuable experience, and 
generous help. Thanks to everyone’s cooperation, this project was a success. 
1 
 
Chapter 1: EMS Communications 
The purpose of this report is to investigate emergency communication methods so as to 
improve emergency vehicle response time while maintaining safety. To accomplish this goal, we 
complete research to justify the problem before considering any solutions.  Once our group 
gathered sufficient information, we began devising several potential solutions and pursuing the 
most promising ones. In the final month of our project, we test our hypotheses and determine 
final conclusions. 
 This report first discusses our initial research and states our justification for the need of 
our project. In Chapter 2, we present information on existing patents pertaining to wireless 
warning devices, research on color effectiveness and pattern applications, as well as siren 
types.  This section discusses the current technology in terms of emergency vehicle warning 
systems and tools.  After establishing existing technologies, we present the justification for our 
project.  Recent articles regarding emergency vehicle accidents are collected from across the 
United States; in each of the accidents, civilian drivers are unable to see or hear an emergency 
vehicle, and several of the accidents result in fatalities. 
In Chapter 3, we discuss our testing procedure, how we collect data, and our results.  
Our initial plan was to improve the effectiveness of the colors and patterns used on ambulances.  
Based on our research from Chapter 2, we form a combination of colors and patterns we 
believe to be the most conspicuous.  Our plan was to test this combination against a traditional 
ambulance and see which one of the combinations has the lowest response time over a period 
of several calls.  Unfortunately, patient privacy laws prevent us from performing these tests 
because non-medical staff are prohibited from riding in an ambulance when responding to a 
call.  From this point, we focus our attention to the effectiveness of sirens.  We contact the 
Worcester Fire Department and establish meeting times to test our theories about mechanical 
versus electronic sirens.  Once we have our data, we formulate conclusions based on the 
analysis of the average speed of the fire truck on certain types of roads using different kinds of 
sirens.  In Chapter 4, we state the final analysis of our data as well as our concluding remarks 
about all of the problems and constraints we encounter while trying to accomplish our final goal.  
We discuss our recommendations for further research and development of effective and 
applicable emergency vehicle warning technology.  
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Our goal is to lower response time and increase safety of emergency vehicles.  While we 
may have had constraints and unforeseeable problems, we overcame them to produce 
important data that we use to formulate applicable data. The data generated can be applied to 
determine which siren is most effective in specific environments.  Given a longer testing period, 
more applicable data could be generated.  For example, running tests over the course of a year 
instead of several weeks could yield seasonal data that depicts trends based on weather 
conditions and traffic around schools. Extending the testing period might benefit fire fighters and 
give them an idea of which sirens would be more effective at certain times of the year.  With 
more time, we could also further develop the transceiver radio warning system.  For this project 
we were only able to accomplish a working model as a proof of concept.  Further research and 
more time would yield a more precise system that could slowly be implemented in automobiles 
to help improve safety for drivers and decrease response time for emergency vehicles.  The 
following chapter will introduce our research and justification for our project   
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Chapter 2: Background, Problem 
Justification, and Existing Solutions 
2.1 Massachusetts EMS Protocols 
 The state of Massachusetts has many guidelines and regulations established to make 
emergency communication flow smoothly between patient, 911-dispatch, EMTs, and hospitals. 
Without such guidelines, there would be no available bandwidth and communication would be 
impossible. To understand the current protocols and procedures, the following is an abridged 
version of the EMS Radio Communications Plan. 
2.1.1 Overview 
 EMS communication begins when a civilian calls a 911-dispatch center. If the call 
regards a medical emergency, the dispatch center will dispatch an ambulance and any other 
emergency services (Office of Emergency Medical Services [10]). Dispatching ambulances 
varies between regions; for example in Central Massachusetts, 911 calls are routed to 
Framingham and then to Worcester police department. Worcester PD then dispatches an 
ambulance from one of any available third-party ambulance companies, such as those provided 
by UMASS Memorial Hospital. Other areas may have designated federally funded ambulance 
companies that provide service for the city or region. 
 Once the ambulance receives the call, they leave the dispatch center to pick up the 
patient. Once the EMTs arrive at their destination, they determine the severity of the patient’s 
condition and classify it on a priority scale of one to three. Priority level one is immediate life 
threatening, such as cardiac arrest or major head injuries. Priority level two is life threatening 
including strokes or unstable trauma, and joint dislocations. Priority level three is non-life 
threatening such as minor fractures. EMTs relay the patient’s priority level to CMED who then 
directs their communication to a hospital through a dedicated channel while still monitoring 
communication (ER/Trauma Center [6]). 
 Once connected with the appropriate hospital, the EMTs will relay critical information 
about the patient including age, sex, date, time, primary complaint, and the priority of the 
situation. Once the necessary data is acquired, CMED terminates communication and the 
hospital can prepare for the incoming patient. Figure 1(Office of Emergency Medical Services 
[10]) shows a flowchart that outlines this process. 
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2.1.2 Communication Equipment 
 Ambulances currently use a mix of wideband (25 kHz bandwidth) and narrowband radios 
(12.5 kHz bandwidth) as the primary means of communicating with CMED, hospitals, and 
dispatch centers. They must operate without performance degradation at 450-512 MHz (UHF) 
and have a channel capacity of at least 200 (Office of Emergency Medical Services [10]). 
 The state of Massachusetts is transitioning from wideband radio receivers to 
narrowband, per order of the FCC. These new regulations are designed to help relieve “the 
severe shortage of radio spectrum allocated to public safety use”. Beginning January 2011, no 
new wideband radios can be installed in ambulances and beginning January 2013 all wideband 
ambulance communications will cease. As part of the new requirements, the FCC has allocated 
a spectrum of frequency below 800 MHz as part of the Private Land Mobile Radio (PLMR) 
spectrum. 
2.1.3 CMED 
 Central Medical Emergency Direction (CMED) serves as a communications link between 
all dispatched ambulances and all hospitals in its designated region. The primary purpose of 
CMED is to assist EMS personnel with communication during emergencies. Routing 
communication from the ambulance through CMED before it reaches the hospital helps to 
maintain a clear procedure for EMS communication and helps reduce frequency congestion by 
controlling the use of medical radio channels. 
 CMED was established in Massachusetts in the 1970s to help better organize the EMS 
system for the entire state since each city runs its emergency services differently. For example, 
Worcester dispatches its ambulances through the police department where Boston’s EMS 
system operates within the fire department. Furthermore, the ambulance services themselves 
are run differently. For example, some cities such as Millbury use third-party companies like 
AMR and UMASS while other towns, such as Natick, use public ambulances. 
 The state of Massachusetts is divided into five different regions each with their own 
CMED station (Figure 2). Each regional CMED has several UHF and VHF channels to provide 
adequate coverage over the entire geographic region while also maximizing the available 
frequencies (Region II Communication System [11]). 
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 Within the city of Boston (Region IV), CMED is only notified of priority level one patients 
(those that are dying). This helps to increase the range of available frequencies in order to 
facilitate the very high volume of calls. Less urban regions such as the Central Massachusetts 
Region (Region II) require all priority levels be passed through CMED before being redirected to 
the hospital. 
 The use of CMED is particularly critical during a mass-casualty incident. CMED is 
responsible for locating hospitals within its region as well as those in neighboring regions to 
facilitate the large number of patients. Furthermore, CMED will be responsible for dispatching 
the state’s Ambulance Task Force. 
2.1.4 Policies 
 Every state is different in setting laws governing how drivers should react to the 
presence of an approaching emergency vehicle.  In this section, we will discuss a few laws 
currently implemented in Massachusetts General Legislature which outline procedures drivers 
must take when an emergency vehicle approaches.  All laws found are in Part I (Administration 
of the Government), Title XIV (Public Ways and Works), Chapter 89 (Law of the Road) 
 Chapter 89 Section 7 of Massachusetts legislature is entitled “Right of way of fire 
engines, patrol vehicles and ambulances; obstruction; penalties.” It states that whoever willfully 
obstructs or retards the passage of an emergency vehicle going to the scene of an emergency 
or an ambulance transporting a sick or injured to a hospital shall be punished. For the first 
offense a penalty there is a fine of up to fifty dollars.  The second offense can carry a fine of up 
to five hundred dollars or imprisonment of up to one year.  The third offense is identical to the 
second except that the Registry of Motor Vehicles may suspend the license of the violator if it 
deems necessary and force the violator to return to a driving school (General Laws Chapter 89, 
Section 7 [15]). 
 Chapter 89 Section 7A of Massachusetts legislature states drivers must maneuver the 
“vehicle as far as possible toward the right-hand curb”, hence “pull to the right and stop”.  This 
section does not specify whether a vehicle in front of an oncoming emergency vehicle must be 
parallel to the curb (and not diagonally driven into the curb like some people on the road do in 
the presence of an emergency vehicle).  It states that no civilian vehicle shall follow within three 
hundred feet of an emergency vehicle in response to a disaster. Vehicles that hinder fire 
response vehicles may be towed even if parked legally (General Laws Chapter 89, Section 7A 
[16]). 
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 Chapter 89 Section 7B describes the operation of an emergency vehicle when there is 
an immediate emergency, such as transporting a priority level one patient to a hospital. Drivers 
of any emergency vehicle responding to an emergency may exceed the speed limit and drive 
through intersections and other road crossings with disregard to posted traffic signs and traffic 
lights only when proceeding with caution unless otherwise instructed by a police officer directing 
traffic.  The only exclusion to this law is the interaction between emergency vehicles and school 
buses; emergency vehicles must yield to school buses with activated flashing lights (General 
Laws Chapter 89, Section 7B [17]). 
 Chapter 89 Section 7C states that when the operator of a civilian vehicle is approaching 
an emergency apparatus on the side of a highway or road while stationary as well as road repair 
crews, the driver must slow down and change lanes (if possible) to avoid any sort of incident at 
the scene of any road repair or emergency in progress on the side of a road or highway 
(General Laws Chapter 89, Section 7C [18]). 
 For states that do not have laws outlined as specifically as Massachusetts, the National 
Safety Commission’s website provides some suggestions for how a driver should respond to the 
presence of an emergency vehicle.  These guidelines are very similar to those specified by 
Massachusetts General, specifically to pull to the closest curb and stop. It also states that 
following emergency vehicles within five hundred feet is prohibited in many states (The National 
Safety Commission Alerts [19]). 
2.2 Potential System Problems 
 Our most important task to complete before meeting with the EMTs at UMASS was to 
come up with a substantial list of problems we thought might cause delays for the EMTs based 
on our background research.  These problems were related to CMED, the use of radios, 
interaction with other drivers on the road, navigation through traffic, finding patients, and 
determining which hospital to send them. 
 Because we initially were unfamiliar with CMED and its purpose, we decided to do some 
background research. We learned CMED is used to relay information about the patient from the 
ambulance and EMTs to the appropriate hospital in order to allow the hospital to prepare the 
necessary personnel and equipment for the incoming patient.  We figured in some cases this 
would be helpful but in most cases would be somewhat redundant.  We assumed it would be 
simpler to eliminate CMED altogether and have the EMTs simply call the hospital they are going 
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to and notify them of their needs. Next, we thought using radios might be more complicated than 
cell phones.  In addition, the audio quality of radios is usually less than that of cell phones.  We 
felt that simply using a cell phone to communicate with the appropriate parties might be easier 
and more efficient than using radios. A more obvious issue we thought EMTs might have while 
on call is dealing with other drivers on the road. Sometimes people know how to act and where 
to pull over, however, there are times when people assume the best thing to do is stop or just 
turn to the side. Otherwise the EMT may not know the driver’s intentions and the obstacle 
creates an additional delay. 
2.2.1 Navigating Traffic 
 Based on our analysis of the system, traveling from the dispatch location to the patient 
and to the hospital appears to require more time than any other part of the process. Travelling 
through traffic, particularly on narrow streets and during rush hour, can be slow because of 
many obstacles. Although measures have been taken to help improve the commute such as 
traffic preemption devices and laws requiring drivers to pull over to the side of the road, 
commuting still appears to cause the most delay.  
2.2.2 Locating Patient 
 Before an ambulance even navigates through traffic, it first needs to know where to go. 
We figured finding exactly where a patient is might easily cause problems. For example, the 
actual location of a patient may differ from where they told the 911 dispatcher they were. If 
someone calls for an ambulance and does not know their location, they could give inaccurate 
information which would create delays in getting to the patient.  If the EMT does not know how 
to get to the location, they will may have to rely on a GPS system to get them there.  We 
thought there could easily be problems with inputting the address into the GPS system as well 
as the reliability of the system. 
2.3 Identifying the Problem 
 In this section of our report, we will outline what we learned from our interview with the 
paramedics at UMass Memorial, a fire department in McAllen, Texas, and a police station in 
Worcester, Massachusetts. 
2.3.1 UMASS Memorial EMT Interview 
 The first topic we asked the EMTs at UMass Memorial was about the 911 phone call that 
starts the communications process. After researching the communications flowchart for 
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Massachusetts, directing the caller through regional and local dispatchers appeared to be a 
cumbersome process that needed simplification. The paramedics disagreed and said there are 
no major problems with the current communication system in place and that it allows them to 
efficiently perform their jobs.  We learned that each ambulance was fitted with a GPS system 
that automatically downloads patient information and a route whenever they service a 911 call. 
 After finding no significant problems with the 911 system, we proceeded to ask the 
paramedics about what improvements they thought could be made to the CMED 
communications process.  We suggested that maybe using cell phones instead of radios to 
contact CMED might be a better approach. The EMTs explained that cellphones actually could 
be used just as easily, but the radios generally have better signal reception and regularly using 
radios keeps them familiar with the process.  
 One thing they stressed is the abuse of the EMS system. For example, one may call 911 
to report a stubbed their toe, a headache, or ask for a free ride home because they are drunk. 
Whenever someone abuses the system, it wastes time, resources, and radio frequencies that 
could be used for helping someone actually in an emergency. Although abuse is a major 
problem, it is not within the scope of this project and will not be addressed. 
 Next, we asked if they have any problems getting to their destination, either the patient 
or the hospital. We discovered that cars that do not pull over create a major hassle for the 
ambulance in transit. For example, some drivers panic and others cannot decide the best 
course of action to take when an emergency vehicle approaches. Due to possible inadequate 
driving education, drivers do not know to move completely to the side of the road. 
2.3.2 McAllen, Texas Fire Department Interview 
 Using the information gained from the UMASS interview, most of the questions regarded 
communicating with drivers during transit from the fire station to the site. The firemen we 
interviewed also mentioned issues with the local 911 dispatch center. 
 In the state of Texas, pull over to the right is not a law. Emergency vehicles must abide 
by all traffic laws and if they approach an intersection with a red light, they do not have the right 
of way and must receive “permission” to cross the intersection. This is often achieved by 
cautiously entering the intersection with different siren sounds. As a city on the border with 
Mexico, there are many international drivers that aren’t very familiar with Texas laws and 
protocols. In Mexico, there is no standard procedure for moving over when an ambulance is 
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approaching and thus many drivers don’t know to pull to the right or stop for emergency vehicles 
when they are in the United States. In this case, a driver education policy for international 
commuters may help to resolve this issue. 
 One of the firemen also mentioned that the use of sirens is not always effective because 
many new vehicles are resistant to outside noise and drivers are often distracted with mobile 
devices such as cell phones, car stereos, and GPS receivers. In Texas, a law was passed in 
August 2009 that prohibits the use of cell phones in moving vehicles driving through reduced 
speed school zones. In addition, newly licensed drivers under the age of 18 are prohibited from 
using cell phones for the first six months after receiving a license. This new law was established 
to help reduce fatal collisions, especially in school zones, but could also help drivers become 
more aware of approaching emergency vehicles. 
 To attract the attention of the other distracted drivers, some of the firemen mentioned 
that noticeable improvement in driver response on the road when the Q2 siren is used instead 
of the electronic one. A Q2 siren is a mechanical siren with a distinctive sound similar to the air 
raid sirens used during World War II. These mechanical sirens have a larger range of 
frequencies.  Lower frequencies are more effective at dispersion, propagation and penetration 
than higher frequencies. As a result, drivers of sound resistant vehicles have an improved 
chance of hearing the siren and locating the direction from which it originated. The Q2 siren’s 
effectiveness is similar to that of a vehicle playing low bass music; the low frequencies can 
propagate through sound resistant vehicles from even several blocks away. 
 The only issue the firemen mentioned regarding the local dispatch center is the person 
that receives the call must route a report to the appropriate emergency service, e.g. police, fire 
department, or EMTs. Sometimes the reports do not have enough details and the firemen are 
required to call the dispatcher back or even in some cases, the original caller, in order to get the 
necessary information. However this problem is primarily just due to human error, not a flaw in 
the dispatch system. As a result of the interview, we concluded that transiting to a call and 
communicating with the drivers en route is again the most serious issue. 
2.3.3 Police Interview 
 One of our group members, Connor, recently had a dead battery and asked a police 
officer for a jump.  While waiting for a charge he struck up a conversation about emergency 
vehicles navigating through traffic to get his opinion on it.  First Connor asked him if it is a 
justified idea.  The police officer said that he encounters trouble with other drivers on the road 
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incredibly often.  There are several causes for the trouble he encounters.  He said he has dealt 
with drivers who do not know where he is coming from, cannot hear his siren, or sometimes 
make assumptions about his direction of travel.   
  The police officer made it very clear that the most common problem with other drivers is 
the inability to hear his siren because of loud music, sound proof cars, or cell phone 
conversations.  The police officer cited examples where this has recently happened.  In a recent 
call involving a child unable to breathe, two police officers were dispatched and driving towards 
the scene in tandem.  A driver going in the same direction as the police officers slowed down to 
let the first officer pass then quickly moved back into his lane and directly into the second 
officers car.  This created another scene in which the original two police officers dispatched now 
had to tend to their own accident then request additional police officers to respond to the original 
call. 
 Obviously, this is a problem that could have been avoided.  The police officer Connor 
spoke with came up with his own remedy for this risk.  When driving in tandem with another 
police car, the officer always uses a different siren to let drivers know that there is more than 
one vehicle approaching.  He admitted that this only remedies instances when a driver that is 
able to hear him could avoid hitting an emergency vehicle.  He stressed that far too often there 
are drivers with their music playing at a volume so loud it covers the siren.  The police officer 
stated that a method of turning down the volume in the car or otherwise alerting a driver who 
cannot hear the siren is a very important problem to pursue.   
2.3.4 The Most Serious Problems 
 From the previous section, we can confidently say that navigating through traffic is by far 
the biggest problem.  Although the abuse of the system is a serious problem, it is not within the 
scope of our project. Therefore, we will focus on developing a new or improved method of 
communicating with drivers. 
2.3.5 Communicating with Drivers 
 The EMT’s at UMass proposed capturing the driver’s attention would be a “huge step” 
towards improving the commute. Communicating with drivers is critical because cellphones and 
loud music prevent drivers from hearing their siren. With this, we proposed a type of warning 
system that could alert drivers of an approaching emergency vehicle. The EMTs stressed the 
importance of a simple device that allows the driver to make a quick and effective decision 
without distracting them from driving. 
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neither saw nor heard the ambulance and made no effort to move out of the way because she is 
unaware of its presence in the first place. In all of these situations, it would be beneficial to both 
civilians and EMTs for a warning mechanism that alerts drivers of the presence of an 
emergency vehicle. 
2.4.3 Justification 3 
 On November 19, 2010, an ambulance collided with a car turning onto a highway in 
Henry County, Georgia (Channel 2 Action News [2]). The serious collision killed a passenger in 
the car and seriously injured four others, including a mother and her child in the ambulance. The 
car turning left onto the highway failed to yield to oncoming traffic, in this case the ambulance. 
According to investigators, the ambulance was not in emergency mode so lights and sirens did 
not help to make the ambulance more visible. This particular colission is of particular interest to 
our project because it shows how the cholor scheme of an ambulance greatly influences its 
visibility to drivers on the road. Figure 6a and 6b show the ambulance that was in the colission. 
As shown in 6a, the rear of the ambulance is dark blue which may provide high contrast during 
the day but relatively little contrast at night, which is when the colission took place. The white 
front provides some contrast but it isn’t very reflective in comparison to the ‘star of life’ logo, as 
shown in 6b. 
 As shown in 6a, the color scheme of the rear of the Upson Regional Medical Center 
ambulance is dark blue with few reflective surfaces that provides little contrast during night 
driving. In 6b, the front of the ambulance is white which helps improve contrast and visibility but 
the only reflective surface is the small ‘star of life’ insignia. 6c shows the extent of head-on 
damage to the ambulance and in 6d, the passenger side the Chevrolet MonteCarlo thrown 
across Highway 1941. The front passenger was killed instantly. 
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stop before the collision. As a result, both the patient and the other paramedic on board were 
killed. The driver was put on probation for his reckless driving. 
 The cause for this incident can be narrowed down to a lack of communication between 
both drivers since neither knew the others intention. The semi driver was not able to realize he 
was creating an obstruction to the ambulance’s path until he was already in the middle of the 
highway, about to make a turn. Had the ambulance known that the semi was planning to move 
back to the right hand side, he might have been able to slow down the ambulance. By the same 
token if the semi driver knew the ambulance was planning on taking the opening in the lane to 
pass the truck, he may not have decided to move over. If a warning system could have notified 
the semi driver of the oncoming ambulance far in advance, he would not have changed lanes in 
the first place and the ambulance would have passed on the left without incident. 
2.4.8 Justification 8 
 On February 15, 2011, a Toyota crashed into an ambulance transporting a stroke patient 
to Brackenridge Hospital in Austin, TX (Sadeghi [12]). The ambulance had lights and sirens on 
but was crossing a red light at the intersection of I-35 Frontage Rd. and 15th street when the 
Toyota proceeded through the green light, as shown in Figure 10. An ambulance heading to 
Brackenridge Hospital collided head on with the black Toyota at the intersection of I-35 
Frontage Rd. and 15th Street. Althoug the ambulance had a red light, the driver proceeded 
cautiously through the intersection but the black car did not see the ambulance. Officials stated 
the stroke victim’s condition did not worsen as a result of the collision but sent two paramedics, 
a firefighter, and the driver of the car to the hospital.  The driver was initially in critical condition 
but she later died on February 22. 
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2.5.1 Traffic Preemption Devices 
 The first implemented solution we will discuss are traffic preemption devices. Traffic 
preemption is the changing of a traffic light signal in order to give a specific user the right-of-way 
at an intersection. Traffic preemption systems are utilized across the country by emergency 
vehicles and public transportation systems such as light rails and buses (U.S. Department of 
Transportation [13]). This retrofitted device requires some sort of transmitter in the emergency 
vehicle and a receiver at the traffic light.  
2.5.1.1 Types 
 One of the most common types of preemption devices is an infrared (or in some cases 
visible) strobe light that when set to the correct frequency will trigger a receiver on the traffic 
signal and thus change the light from red to green. Although an effective device, there have 
been records of civilians illegally changing the lights because of its simple operating mechanism 
(U.S. Department of Transportation [13]). However newer models have transmitters 
programmed with unique strobe patterns for each vehicle that record which vehicle passed 
through the intersection and helps prevent illegal use. Infrared and visible light signals, as 
opposed to radio signals, require line of sight access to the intersection. As a consequence, if 
the vehicle is travelling up a hill, along a curved road, or through dense foliage, the device may 
not function properly. Yet on straight stretches of road the receiver can detect pulses up to 750 
meters away. A receiver must be mounted on each traffic signal arm to determine from where 
the emergency vehicle is approaching. 
 One of the main differences between sound systems and light systems is that individual 
transmitters installed on each vehicle are not required for operation. Instead directional 
microphones and signal processors detect the siren waveform and change the traffic signal 
based on the location of the source of the siren. Another difference is that line of sight 
communication is not required since sound can propagate and reflect off of surfaces.  
 A radio transmission is sent from the emergency vehicle to a single omnidirectional 
receiver at the intersection. Because there is only one receiver, the direction for preemption is 
determined by the transmission; the driver of the emergency vehicle must send different signals 
depending on the direction of approach. Like the sound systems, radio transmissions do not 
require line of site communications nor are they affected by adverse weather such as rain or 
fog. 
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 Another variation created by 3M is the Opticom™ GPS System; this achieves the same 
function but uses GPS receivers installed on emergency vehicles to change the traffic lights as 
the vehicle approaches. This system has increased functionality since it can change several 
lights on the vehicle’s designated path, not just the closest intersection. Furthermore, it uses a 
more secure channel preventing unauthorized users from preempting the signal. It is also the 
most robust since its performance is not hindered by adverse weather, line of site limitations, or 
electronic noise interference (Global Traffic Technologies [8]). 
2.5.1.2 Benefits 
 Traffic preemption devices can improve the response time of emergency vehicles. These 
devices are particularly effective in urban environments where there is a high level of traffic 
congestion on the roads. When the signal is changed from red to green up to several blocks 
away, the vehicles currently stopped can have the opportunity to begin moving and clear a path 
for the emergency vehicle. Without preemption, an ambulance would have to a) wait for the 
drivers stopped at the intersection to first cautiously and dangerously navigate through a red 
light and then b) wait for approaching drivers with green lights to stop and yield. Preemption 
helps resolve this issue by changing several lights on the emergency vehicle’s path so that 
traffic moves continuously with the ambulance with fewer stops at intersections. 
 Another important benefit is they reduce the number of emergency vehicle collisions at 
intersections. According to National Highway Traffic Safety Administration fatality statistics, 25% 
of emergency vehicle accidents happen at intersections with a traffic signal. When the 
preemption device changes the traffic signal to red for other intersecting lanes, drivers know to 
stop whether or not they are aware of an approaching ambulance. This is particularly beneficial 
at intersections where the terrain, foliage, buildings, or adverse weather can inhibit drivers’ 
views of approaching traffic. 
 Although initially expensive to retrofit several intersections with this technology, it has 
life-saving benefits. Improving the response time for fire departments and ambulances can 
reduce the number of necessary stations by increasing their service radius (U.S. Department of 
Transportation [13]). Faster fire response times means improved fire suppression and reduced 
fire insurance premiums on public and private property, a factor that affects city growth and 
development. Faster ambulance response times means saved lives; for cardiac arrest patients, 
chances of survival are reduced by as much as 10% every minute until defibrillation. 
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2.5.1.3 Case Study 
 In 2006, the Bureau of Transportation Statistics from the U.S. Department of 
Transportation conducted research on the effectiveness of traffic preemption devices in three 
U.S. cities utilizing the system: Fairfax, VA; Plano, TX; and St. Paul, MN. In Fairfax, emergency 
vehicles were able to travel through high-volume intersections at an average of 30-45 seconds 
faster than without the device. In Plano, the number of emergency vehicle collisions was 
reduced from approximately 2.3 per year to less than one every five years. Emergency vehicle 
crashes in St. Paul were also greatly reduced after implementing the system. 
2.5.1.3.1 Fairfax County, Virginia 
 Traffic preemption devices were first installed in Fairfax county in the 1980s; throughout 
the 90’s, receivers were installed on the busiest intersections and those more prone to 
accidents. However progress stalled in 1997 because Virginia Department of Transportation 
was initiating the North Virginia Smart Traffic Signal System that would allow for preemption in 
public transportation corridors while still benefitting emergency responders. Eventually VDOT 
won support from key stakeholders to conduct research on a 1.3 mile stretch of US 1 in 
Alexandria which had high rush hour traffic congestion and also served as a major artery for the 
busiest fire station in Fairfax County, which receives nearly 90,000 emergency calls each year. 
When it was determined in 2003 that joint preemption from public transportation and emergency 
responders could successfully be implemented, receivers were installed on the additional 13 
miles of US 1. 
 Once the preemption devices were all installed and operational in 2004, emergency 
vehicle drivers nearly always identified time savings from a few seconds to a few minutes during 
the drive with savings of up to 45 seconds at a single busy intersection. According to traffic flow 
studies conducted by Virginia Tech, the average time from preempting an intersection to 
deactivation is 25 seconds and the delays caused on artery intersections was minimal and 
typically resolved after the first signal after the emergency vehicle left. 
 Fairfax County was responsible for purchasing and maintaining the preemption devices 
since they are owned by Virginia Department of Transportation. The average cost per 
intersection ranged from $4.000 to $6.000 and annual maintenance costs are not expected to 
exceed $500 each year. The cost per intersection depended on whether the intersection was 
retrofitted with new equipment, whether new equipment altogether was installed, and the 
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number of receivers installed. In some cases, only two receivers were installed for the busiest 
directions of the artery. 
2.5.1.3.2 Plano, Texas 
 Plano, Texas, a suburb of Dallas, began installing traffic preemption devices in 1984 
following an analysis of emergency vehicle crashes from 1980 to 1983. Of the 22 crashes, 
nearly 1/3 occurred at lighted intersections. With the city’s population and total land area 
expected to quintuple of the next 30 years (16 square miles, 50,000 people in 1980; 74 square 
miles, 220,000 people in 2004), the fire chief pushed for 100% preemption at all lighted 
intersections within the city. By 1987, all the lighted intersections were retrofitted and each new 
intersection added had preemption devices installed. 
 Adding preemption capabilities to new intersections adds up to $8,000 to the bill, about 
8% to the total cost. This can quickly add up, especially when up to 17 new signals are added 
each year. However cost analysis has shown addition of preemption capabilities has in fact 
saved the city of Plano millions of dollars. Because of preemption, responders can travel from 
the station to the site faster and hence travel further in a similar amount of time. So even as the 
city grew, the number of EMS and fire stations didn’t have to increase since their service area 
was improved from 5.6 square miles to 7.5 square miles. As a result, 3 less stations needed to 
be built, saving Plano approximately $9 million for the sites and an estimated operating cost of 
$7.5 million annually. 
 Traffic patterns in Plano are erratic; there are influxes of traffic to and from Dallas during 
rush hour but there are also peaks in traffic during other times of day as well. Multilane queues 
of over 22 vehicles at intersections are common, in part due to the long transition time of signals 
at busy intersections, 160 seconds. As a result, each signal in the city receives an average of 
one preemption request a day; signals closer to dispatch stations receive as many as 15 a day. 
Because of the high volume of traffic at major intersections, it can take up to 20 minutes for 
traffic flow to resume to normal after preemption. However the city receives very few public 
complaints about the system because of its benefits and public awareness of the system.  
 These devices have helped emergency services to meet a city wide transit time goal of 
under 7 minutes. The number of collisions at intersections has been drastically reduced since 
the installation of preemption devices. During 1980 to 1983, there were 7 crashes at 
intersections; in the 20 years since their installation, there have only been 4 crashes, 3 of which 
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resulted because drivers failed to stop at the red light. That is an average of 2.3 crashes a year 
down to 0.2 per year. 
2.5.1.3.3 St. Paul, Minnesota 
 In the early 1970s, St. Paul, Minnesota began to retrofit all of its traffic signals with 
preemption devices. Originally the city was only planning to retrofit the two busiest approaches 
of each signal but this plan was changed following a fatal crash in 1972. After the retrofitting 
process, all new intersections included preemption capabilities. St. Paul is unique in that all 
emergency services including the police utilize the system; in most other cities it is only used by 
fire and paramedic services. The city averages 70 fire and EMS calls in addition to 720 police 
calls daily. As a result each preemption device across the city is used much more often but 
intersections near hospitals and dispatch stations experience the heaviest use and are 
accessed more than five times a day. 
 Traffic signal cycles are shorter than in Plano with a maximum of 120 seconds. This 
helps to offset the increased maximum range of the receivers, 2300 feet. This greater distance 
helps to maximize effectiveness for police vehicles which typically have faster speeds and 
quicker acceleration than fire and EMS responders. As a result of preemption, response time is 
often reduced to as little as 3 minutes. After the addition of preemption capabilities, crashes 
were reduced from 8 to about 3 annually, even despite increases in traffic volume and higher 
emergency call rate. 
2.5.1.4 Conclusions 
 This study shows that driver confusion is a contributing factor to emergency vehicle 
collisions at intersections. Directing traffic with signal lights helps to reduce the risk of accidents 
and improves response times. If reducing driver confusion at intersections helps improve safety 
and speed, it might also work on the road where traffic signals are not present. In addition to 
safety, preemption devices can yield long term savings for cities because it can improve the 
effective range of responders and thus reduce the number of required stations. 
2.5.2 Lights 
There are already multiple warning devices used by emergency vehicles.  One of the 
more important devices is the implementation of lights.  Traditionally, emergency vehicle lights 
have been colored incandescent light bulbs (or normal bulbs behind colored lenses) that have 
rotating mirrors around their base to produce a “flashing” effect.   
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From this, we can move to the discussion of power.  LEDs require only a fraction of the 
electricity required for an incandescent bulb.  The power consumption is less even if there are 
several hundred LEDs versus a few incandescent bulbs.   With less power required, more 
lighting can be utilized to achieve maximum lighting.  This improves efficiency while also 
increasing safety creating a more effective emergency vehicle. 
In addition to being more practical and more reliable, LED light bars are highly 
customizable.  This customization is very effective for directional lighting as well as color choice.  
Directional lighting is very effective if an emergency vehicle is parked and does not want to 
cause glare working the scene while still making its presence known.  These light bars are also 
capable of using different strobe patterns to better attract attention or communicate a purpose. 
Strobe lights are vital to emergency vehicle safety.  A study conducted by Loughborough 
University in the United Kingdom found that strobe lights have a shorter reaction time when 
compared to standard, non-strobe lights.  They also found that the faster the strobe, the quicker 
the reaction time.  This supports the use of strobe lights on emergency vehicles and reinforces 
the importance of their implementation.     
Loughborough University went further in their study to investigate the reaction time of 
different colors as strobes in order to see which color light had the lowest reaction time.  In their 
experiment, they studied blue, red, and amber, the three colors that are most commonly used in 
emergency vehicle lighting.  Both red and blue lights have lower detection times versus amber 
colored lights in both day and night conditions (Cook [3]).  Amber only had a better detection 
time than red and blue lights when all were held at a constant intensity as seen in Figure 15.  
This is beneficial for construction and towing vehicles because red and blue lighting is almost 
exclusively used on emergency vehicles.   
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Emergency Vehicle Traffic Controller 
Patent Number: 3881169 
Filing Date: 06/01/1973 
Publication Date: 04/29/1975 
Inventor: Malach, Henry G. (Beaumont, TX) 
 
 This invention is an early traffic preemption device that utilized the siren already present 
on many emergency vehicles to trigger a sensor installed on an intersection light. The system 
checks for two specific frequencies between 600 and 900 Hz that are typically present in most 
emergency vehicle sirens. If both frequencies are present for approximately 2 seconds, the 
system will initiate emergency control of the traffic signal. 
Emergency Vehicle Alert System 
Patent Number: 5307060 
Filing Date: 03/17/1992 
Publication Date: 04/26/1994  
Inventor(s): Prevulsky, Sy (16 Deer Creek La., Laguna Hills, CA, 92653)  
Griego, Tony (4500 Campus Dr., Ste. 131, Newport Beach, CA, 92660)  
 
 This emergency vehicle alert system utilizes a transceiver module that allows different 
emergency vehicle to communicate with each other as well as civilian vehicles. The primary 
purpose of this invention is to alert drivers when traditional lights and sirens fail, particularly 
because vehicles are resistant to outside noises and internal noises such as the radio or air 
conditioner distract the driver. Assuming the driver can be alerted of the presence of an 
emergency vehicle, hopefully traffic congestion near an accident can be prevented. If a driver 
can be alerted of a nearby accident, hopefully traffic could also move faster. 
 The patent does not include any electrical schematics however a block-diagram 
schematic does explain some of the major components that would be necessary for operation. 
In addition a flow-chart describes the algorithms that would be implemented, possibly via a 
programmable microcontroller or FPGA. 
Emergency Vehicle Alert System 
Patent Number: 6252521 
Filing Date: 11/08/2000 
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Publication Date: 06/26/2001 
Inventor(s): Griffin, Willie J. (2327 22nd St., S., St. Petersburg, FL, 33712)  
Griffin, Anita F. (2327 22nd St., S., St. Petersburg, FL, 33712) 
 
 The emergency vehicle alert system comprises of a transmitter located in an emergency 
vehicle and a receiver placed on the dashboard of a civilian vehicle. The transmitter will 
broadcast in all directions at a predetermined frequency and at a constant signal strength. The 
receiving unit includes a speaker and array of LEDs; the power supplied to these two 
components increases as the strength of the received signal increases (Figure 23). As a result, 
an increase in volume and an increase in the number of illuminated LEDs indicates the 
emergency vehicle is approaching the civilian vehicle. 
 According to the patent description, there is no indication that the device is actually 
functional because no schematic for either the transmitter or receiver is included. It is merely a 
design of a possible dashboard alert system. It does not explain the technical characteristics of 
the assumed transmitter in the ambulance or this receiver. Furthermore, the receiver’s method 
of power spectral sensing and power detection to determine signal strength is also omitted. 
 The concept of this patent may be a viable solution to our problem. If we could create a 
functional version of this design it would help emergency vehicle drivers to alert their presence 
to drivers. 
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Emergency Vehicle Alert Apparatus 
Patent Number: 5808560 
Filing Date: 06/17/1996 
Publication Date: 09/15/1998 
Inventor: Mulanax, Michael L. (Las Vegas, NV) 
 
 This patent uses a digital transmission sent from an emergency vehicle to receiving units 
installed in nearby vehicles. The transmitter has a fixed message also known at the receiving 
end (similar to a preamble). If the receiver detects the same correct transmission two or more 
times sequentially, it will trigger an audible alert in the form of a prerecorded message. 
 As shown in Figure 27, the top diagram shows flow diagram for the transmitter module 
installed in an emergency vehicle. The bottom diagram shows a flow diagram for the receiver 
module installed in civilian vehicles. The programmed data code is correlated with the received 
data and checks for two sequential transmissions. 
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 This design has several flaws that would make it impractical for implementation. Due to 
the complexity of the system, all of the individual components soon become very expensive. 
Based on the description, this would be very similar to new cell phone network but in some 
ways even more complex. Compliance with major companies such as AT&T or Verizon would 
be necessary to be able to use their equipment, towers, and dedicated frequency spectrum 
allocation. Next, GPS or some other form of triangulation would be required to identify the 
emergency vehicle and the commuter vehicles within its vicinity. This becomes exponentially 
more complex as the number of emergency vehicles in an area increases. Lastly, the receivers 
that would be installed in each commuter vehicle would be about as expensive both in product 
and service charges as a cell phone, a cost drivers would have to pay for unless subsidized by 
the government or incentives provided by insurance companies. 
 Although this is clearly not the most efficient, cost-effective, or overall practical solution, 
there are some important features that would be useful. Providing the driver with information 
regarding the emergency vehicle (or vehicles) in the vicinity could help the driver make the 
correct decision. However, it is important to note that providing too much information increases 
driver confusion and distracts from the most important task of driving. Critical information may 
include from where the vehicle is approaching, but not necessarily the exact distance. The 
proposed dashboard system, as shown in Figure 28, shows more information than what is 
critical to the driver. The proposed dashboard system provides too much information for a quick 
glance from the driver. Long text messages make it difficult to interpret the vital information, in 
this case, that there is an emergency vehicle to the left. However, the use of graphical 
representation is nice feature and could possibly replace the text display altogether. 
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2.6.3 OnStar and Related Systems 
 One system that is being incorporated into many cars currently is the OnStar system.  
The system is already programmed to notify OnStar when a crash has occurred and allows an 
operator to talk to the driver immediately after the occurrence of an incident who can then 
dispatch police, fire, and/or an ambulance to the scene of the crash.  Additionally, OnStar allows 
the driver to talk to an operator with simply the push of a button.  OnStar is listed in this section 
of the report because there is a possibility that the OnStar system can be manipulated to notify 
the driver in some way of an approaching emergency vehicle to prevent any incident and allow 
the emergency vehicle to pass by easily without having to reduce its speed significantly. 
 One possibility for implementing this system is to have an OnStar operator call the driver 
in the car who is approaching an ambulance to notify the driver of the approaching ambulance 
and give them a heads up of where the ambulance is coming from and the driver’s best course 
of action to stay out of the ambulance’s way.  One issue evaluated with implementing this as a 
solution is that the underlying technology of the OnStar system is a cell phone.  This means that 
for every driver with OnStar in their vehicle that is within close proximity to an emergency 
vehicle, a cell phone call will need to be placed to warn those drivers of the approaching 
emergency vehicle.  This will result in many calls being placed in a very short amount of time for 
every time an emergency vehicle flicks its lights and sirens on to get where it needs to be.  In 
large cities where emergency vehicles are always crossing from place to place, not only would 
this overload the cell phone network, but it would also become a huge annoyance for drivers 
with OnStar and would consequently make the system less attractive for potential buyers of cars 
with OnStar installed. 
2.6.4 Radio Broadcast Overlay 
 British fireman and inventor, James Hutchinson, proposed a design for a device called 
the ‘Warn-Tone’, a transmitter to be used by emergency responders to communicate with 
drivers through their car radios. Warn-Tone would scan the seven strongest radio stations in the 
area and transmit a preprogrammed warning message on each channel cycling once per 
minute. Using a low power directional antenna the signal would hopefully only be sent to 
vehicles directly in front of the ambulance or fire engine. However, the inventor has not had the 
opportunity to test the invention because Radio Authority of the United Kingdom will not provide 
a test license; they are convinced that the radio waves would propagate up to several kilometers 
thus interfering with radio communications across the area, not just the proposed 100 meter 
stretch of road ahead. 
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 This device would be most useful for gaining attention of drivers distracted by music 
while driving, particularly those with sound resistant vehicles. In this case, drivers would be able 
to hear a siren much earlier than through conventional means and possibly take appropriate 
action before the ambulance or fire engine arrives. And unlike many of the proposed patents, 
this device utilizes existing car radios and doesn’t require the retrofitting of new receiver units. 
However until it can be shown that the device would not interfere with other radio transmissions, 
progress will remain at a standstill. 
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Chapter 3: Testing our Solutions 
 In Chapter 2, we identified several existing solutions available that could potentially help 
improve communication between EMTs and civilian drivers. This chapter will discuss the most 
viable solutions that could most easily be implemented into society 
3.1 Introduction 
 All of the solutions mentioned previously have strengths and weaknesses. Based on the 
number of patents, the concept for a dashboard mounted emergency vehicle alert system has 
clearly been widely considered; however, a system has yet to actually be implemented. The 
biggest challenge for such a system is incorporating the device into every vehicle on the road. A 
receiver module would need to be installed and operational in the vast majority of civilian 
vehicles in order to be effective. Because such a mass overhaul would be very expensive, EMS 
companies are not willing to invest in such a program without subsidized support from the 
government or incentives from insurance agencies. 
 A more effective and efficient approach is to improve the communications only on the 
emergency vehicle, not civilian vehicles. This greatly reduces the number of required units and 
hence the cost of implementation. Through our research, we have identified passive and active 
communication methods.  Passive communication is static, conspicuous in nature, and requires 
no power; examples include the color of the vehicle and reflective materials. Active 
communication methods are designed to harness attention by changing state and often require 
power; examples include flashing or rotating lights and sirens. 
3.1.1 Wireless Transmissions 
 Although a wireless transmitter and receiver system has yet to be implemented in 
society, our group has not completely ruled it out as possible solution in the future. For example, 
if automobile manufacturers included a receiver in the dashboard, implementation would 
become much simpler. To show how a such a system could work if it were ever implemented, 
we will devise a simple proof of concept using two Universal Software Radio Peripheral 
(USRP2) software defined radios to simulate a transmitter located on an ambulance or other 
emergency vehicle and a receiver located on a civilian vehicle. 
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3.1.2 Passive Communications 
The possibility of testing our hypotheses with UMASS was declined because of patient 
privacy laws and regulations.  We were informed that these were not just UMASS’ regulations 
and that any ambulance company we contacted would tell us the same thing.  This meant that 
any testing involving the effectiveness of colors and patterns on ambulances would be very 
difficult or not possible.  The only additional information UMASS could give us was that blue 
lights were being added to some ambulances for their conspicuity and reputation of marking a 
real emergency. 
3.1.3 Active Communications 
 Our research has not identified many differences in the effectiveness of types of lights. 
Most ambulances and police cars have switched to light emitting diode (LED) bars because they 
are cheaper, smaller, use less power, and are brighter than traditional rotating incandescent 
bulbs. Many fire engines still use the rotating bulbs but there is little evidence to suggest that 
they are either better or worse at communicating with other drivers on the road. 
 Different siren types, however, might prove differently. Mechanical and electrical sirens 
produce unique sound waves which propagate differently. As mentioned in Chapter 2, electronic 
sirens produce sinusoids which easily disperse over large areas. Mechanical sirens produce a 
more directional square wave which in theory allows drivers to more effectively locate the 
source. To determine if different siren types are more effective in certain traffic conditions, we 
will ride with the fire department on several runs alternating between using electronic and 
mechanical sirens. The effectiveness of each will be determined by the trial that yields a higher 
average speed. 
3.2 Wireless Transmissions 
 In this section, we will first provide an overview of wireless communications and basic 
signal processing. Next, we will explain how it is applied in simulation using MATLAB and 
Simulink. Finally, we will describe the actual implementation and results of testing using the 
USRP2 software defined radio. 
3.2.1 Signals Processing: an Overview 
 One must have a broad understanding of some signal fundamentals in order to 
understand our process. We will first describe analog and digital signals, sampling, then 
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switching between the frequency and time domains using the Fourier Transform, and finally 
modulation. 
3.2.1.1 Analog and Digital 
 Analog signals, also referred to as continuous time signals, consist of an infinite number 
of values that are always fluctuating with time. An example of analog signal is speaking directly 
to another person. Sound waves that continuously disturb air particles are generated at every 
instance of time. The difference with digital signals, also referred to as discrete time signals, is 
that the data is sampled periodically. An example of a digital signal is talking to person over a 
cellular phone. When speaking through a phone, the device takes samples of the data about 
8,000 times per second (8 kHz). In other words, the listener on the other end only receives data 
every 1/8000th of a second, not every instance in time. This is why speaking through a phone 
does not sound as clear as speaking directly face-to-face. 
 All wireless communications use digital signals. Car radios, cell phones, and wireless 
routers at WiFi hot spots all use digital signals. One major difference is their sampling rate; 
higher sampling rates mean more data must be transferred but at the tradeoff for higher quality. 
This is why speaking through a Voice over Internet Protocol (VoIP) program such as Skype has 
higher quality than speaking through a cell phone; VoIP supports sampling rates up to 32 kHz, 4 
times that of a cell phone. 
3.2.1.2 Sampling Rates 
 All digital signals must be sampled but what determines the sampling rate? According to 
the Nyquist-Shannon Sampling Theorem, a signal must be sampled at twice the highest 
frequency of the signal; this frequency is commonly referred to as the Nyquist Frequency. When 
a signal is sampled, copies occur at multiples of the sampling frequency. Figure 33 shows the 
frequency spectrum of a signal.  
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3.2.1.4 Modulation 
 When listening the radio in a car, there are typically several stations to choose from, 
each with a different type of music or talk show. The ability to listen to any of these stations is a 
possible because of modulation. 
 Modulation changes the frequency which a signal is transmitted and allows data to be 
transmitted from 3 kHz to 300 GHz. For example, let us analyze the transmission process of an 
AM radio talk show. The listener may tune their radio to 700 kHz. Does this mean the people at 
the radio station are speaking at 700 kHz? Of course not. They are speaking at the same 
frequency as any normal human being, about 1 – 11 kHz. Their speech is currently at 
baseband. In other words, the frequency of the data (their voices) and the frequency at which it 
is transmitted is the same. To transmit at 700 kHz, the data must be modulated, or boosted, to a 
higher frequency. This is achieved by multiplying the signal with another sinusoid. As mentioned 
previously, the frequency spectrum of a sinusoid is a delta function which is zero at all values 
except for one frequency. If this frequency is specified to be 700 kHz, then the baseband signal 
will shift to 700 kHz. 
3.2.2 Simulation using MATLAB and Simulink 
 In this section, we will discuss how a wireless transceiver system can be modeled using 
MATLAB and Simulink. 
3.2.2.1 Transmitter 
 For simplicity, a simple sinusoid tone is used as the “message” transmitted from the 
emergency vehicle. This is very easy to create using Simulink since there is programming block 
that generates a discrete sinusoid at a specified frequency and amplitude. The sinusoid is then 
sent to the transmitter block which links to the software defined radio, the USRP2. This will be 
explained further in section 2.C. 
3.2.2.2 Receiver 
 Unlike most radios such as a car radio that must correctly decode a transmission and 
play it back through an audio port, this receiver just has to identify whether or not a signal is 
present. In other words, the receiver is nothing more than a threshold detector. When the 
magnitude of the received signal is greater than some predetermined threshold, the program 
concludes that an emergency vehicle is in the vicinity; otherwise, it continues scanning as 
normal. 
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radio requires root privileges in Terminal; the internet protocol (IP) address for the radio, 
typically 192.168.10.255, must be configured at the gigabit Ethernet port. Furthermore, the 
firewall controlling that port must also be turned off. The code is shown below in Listing 1. 
Listing 1: USRP2 Configuration 
sudo –i 
 
nano /root/scripts/iptables.sh   // turn off firewall 
 
$IPTABLES_COM –P INPUT ACCEPT    // type these lines 
$IPTABLES_COM –P OUTPUT ACCEPT 
$IPTABLES_COM –P FORWARD ACCEPT 
 
/root/scripts/iptables.sh    // run script 
 
nano /etc/network/interfaces    // edit ifconfig file 
 
auto lo       // type these lines 
iface lo inet loopback 
 
auto eth0 
iface eth0 inet static 
address 192.168.10.1 
netmask 255.255.255.0 
 
auto eth1 
iface eth1 inet dhcp 
 
/etc/init.d/networking restart   // update file contents 
 
exit        // exit root 
 
 
 The receiver block emits a continuous stream of raw data which must be processed by 
the Threshold block, as shown in Figure 39. The magnitude is calculated by passing the signal 
through a Fast Fourier Transform (FFT), an algorithm for the Fourier Transform that uses a 
recursive algorithm and is optimized for computers.  
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3.2.2.2.2 MATLAB Script 
 All of the signal processing is conducted in Simulink however the architecture of the 
entire program is conducted in MATLAB. Due to the properties of the USRP2, the carrier 
frequency tends to slowly drift due to a small phase shift. If left unattended for extended periods 
of time (more than 30 seconds), the received data could be badly corrupted. A simple fix to this 
problem is to periodically restart the radio at regular intervals. When the radio is turned off 
momentarily, MATLAB updates a text field with one of two appropriate messages based on the 
current output of the Simulink model. If the value is 1, “Emergency vehicle within the vicinity” is 
printed; otherwise, “All clear” is printed. This process continues indefinitely until the system is 
manually turned off. The script is shown below. 
Listing 3: MATLAB Script 
FcRx = [1, 2.47e09];    % set center frequency to 2.47 GHz 
n = 10;                 % number of iterations (replace with inf. loop) 
 
for i=1:n 
    sim('Detector02'); 
    if sense > 0 
    %if sense < 1 
        timestamp('Emergency vehicle within the vicinity'); 
    else 
        timestamp('All clear'); 
    end 
    spin(1); 
end 
 
3.2.3 USRP2 Implementation and Testing 
 The final step is to connect the USRP2s to two separate computers, upload the program, 
and test the functionality. For this proof of concept, we are limited to the frequency range of the 
radios which is from about 2.45 – 2.49 GHz. For an actual system, a more ideal frequency 
would be in the kHz or MHz range because they can transmit several hundred even on low 
power. The USRP2 has a maximum range of about 20 feet but the concept can still be 
demonstrated. The first situation to test is when the two radios are far apart (10 – 15 feet), 
simulating an “All clear” scenario. As shown in Figure 40, the two radios are about 12 feet apart. 
The radio on the right is simulating the emergency vehicle and transmitting a sinusoid. The one 
on the left is checking for a signal but since it is out of range, the message “All clear” is printed. 
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Also, in the 2 Lane category, from the non-weighted to weighted graph, the electronic siren 
average speed value increased to a point where it was greater than that of the mechanical 
siren.  This is mainly due to one long stretch of road in the electronic siren data (1.7 miles) 
where the average speed was 46 mph.  In the mechanical data for this category, there was a 
similar entry that was shorter and had a lower speed value, but was still not enough to hold the 
average value above the electronic weighted average final value. 
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Chapter 4: Concluding Remarks 
 The original objective at the beginning of this project was to analyze all aspects of 
emergency digital communications, particularly those that pertain to Emergency Medical 
Services. This includes the initial 911 call from the patient, routing the call, dispatching an 
ambulance, and communicating with the appropriate hospital. A thorough analysis of the 
protocols for the state of Massachusetts helped our group to identify several items that could be 
improved. After interviewing some EMTs at UMass Memorial Hospital, we realized that 
communicating with the drivers on the road is one of the most serious problems and needs the 
most improvement. 
 One idea our advisor suggested was a wireless transceiver system that would allow 
emergency vehicles to broadcast to other drivers on the road their location and direction of 
travel. Ambulances would be equipped with a transmitter and other vehicles would have 
dashboard receiver modules that display the information to the driver. Our patent search 
revealed that there are actually several ideas for similar concepts but none have actually been 
produced. One of the biggest flaws in this idea is that it is very difficult to implement in society 
since it requires virtually every vehicle to have a receiver. The only way to make this possible is 
if either the state or federal Department of Transportation requires the device. If this were to 
happen, it would have to be subsidized by the government or insurance companies would have 
to offer incentives so their customers would purchase one. Although it was clear that we needed 
to find an alternative, more practical solution, we still decided to devise a proof of concept to 
show that such a system could actually work if it could ever be implemented. 
 The problem with our first idea was that it required a device to be installed on every 
vehicle on the road. A simpler solution should only need to be added to the emergency vehicle 
because it is much cheaper and easier to implement. Thus, our research shifted to methods of 
communication that are located only on the emergency vehicle. We were able to divide this into 
two categories, active and passive communication. Active communication methods are dynamic 
and include items such as lights and sirens. Passive communication methods are static, fixed, 
and do not change; they include the color and shape of the vehicle as well as any distinctive 
markings, patterns, or reflective surfaces.  
 One of the most distinctive colors is chartreuse, a bright yellow that stimulates the most 
rods and cones in the human eye. It is even more conspicuous when paired with a dark color 
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(such as blue or black) in a checker or chevron pattern. This color is often used on airport fire 
engines and some ambulances, especially in Europe. We also discovered that there are two 
different types of sirens used, electronic and mechanical. Electronic sirens are newer and 
generate sinusoid waves from a digital file or analog circuitry. Mechanical sirens, however, use 
moving parts to generate their sound. They are generally louder, require more power and 
produce square waves which can more effectively penetrate sound resistant cars than sinusoid 
waves. In cities, sine waves are easily reflected off building which can make it difficult for drivers 
to correctly identify where the emergency vehicle is coming from. Because of these properties, 
we hypothesized that a chartreuse colored ambulance with a mechanical siren would have the 
fastest response time. 
 To test this hypothesis, we planned to ride in ambulances with different combinations of 
colors and sirens and record the times to respond to their respective calls. Unfortunately, this 
was not possible because only fire engines use mechanical sirens, not ambulances, and 
because of patient privacy laws, we were not permitted to ride in ambulances. However, we 
were able to ride in fire engines equipped with both electronic and mechanical sirens thanks to 
the Worcester Fire Department. On each call the fire station responded to, we alternated 
between using electronic and mechanical sirens. The time en route was recorded and the 
speeds on similar roads were compared upon completing seven runs. 
 We analyzed the speeds on residential, 2 lane, and 4 lane roads. Based on our analysis, 
we determined that using mechanical sirens can provide a slight advantage on busier streets (4 
lane roads). While the difference is relatively small on 2 lane roads, electronic sirens appear to 
provide an increase in speed on residential roads. Although not enough trials were conducted to 
provide concrete data, these results are not too far-fetched. 4 lane roads generally run through 
busier parts of cities, especially where there are building and other obstructions. The square 
wave maintains a straighter path and can penetrate vehicles far away thus alerting drivers well 
in advance of the oncoming emergency vehicle. When travelling on smaller, 2 lane or residential 
roads, the electronic siren shows greater effectiveness over a short range. 
 In order to get more accurate results, many more tests need to be conducted that take 
into account the dozens of variables that can affect response time. For example, the 
temperature determines whether drivers have their windows rolled down or a noisy air 
conditioner running and time of day determines the amount of traffic on the road. Some routes 
cross intersections equipped with traffic preemption devices and some may cross few or no 
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intersections at all. Even the type of vehicle matters because engines are a lot smaller and more 
maneuverable than ladders, especially around tight corners. But even if all of these factors 
could be accounted for, the siren of choice is usually left to personal preference. According to 
the fire fighters we interviewed, drivers become comfortable using one siren over another and 
tend to stick with it. Of these fire fighters, over 80% prefer using the Federal Q2 siren. Although 
it might be difficult to find conclusive evidence that proves mechanical sirens are most effective, 
experience in the field tends to show that it does. As a result, we recommend using mechanical 
over electronic sirens whenever possible. 
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